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M3o6peTeHne othocmtch k o6nacTH 

paAMOTeXHMKM H MO>KeT MCnorib30BaTbCfl B 

cucTeMax paAnocB*3M. Cnoco6 KorepeHTHOfi 
pasHeceHHoK nepeAann cumajia 3aKniOHaeTCfl b 
tom, mto Ha nepeAafouietf CTopoHe 4>opwinpyioT 
N KaHanoB pa3HeceHM5), 4)opMnpyK)T N 
nunoT-cumanoB, nepeflaioT MHcfjopMai^MOHHbiPi 
cuman Hepea Bee KaHanbi paaHeceHnw, a 
nunoT-cumanbi - no cooTBeTCTByioinHM KaHanaM 
pa3HeceHM5i, Ha npaeMHOtf CTopoHe oi^eHMBaioT 
nepeAaTOMHbie c{DyHKUMM KaHanoB pa3HeceHMfl c 
ncno/ib30BaHneM nepeAaHHbix nn/ioT-CHmanoB, 
Ha nepeAaK>mefl CTopoHe b cooTseTCTBMM c 
nony^eHHbiMM pe3ynbTaraMW 0146HOK 



ocymecTanflJOT npeAbicKaxeHne 
HH<4>opMai4MOHHoro cumana, nepeAaBaeMoro 
nepea Ka>KflbiM KaHan pa3HeceHH«. flocTuraewbivi 
TexHunecKM^ pesynbTaT - noBbiaieHne 
34>c|)eKTHBHOCTM nepeAaMH cumana b CHdeMe 

paAMOCBfl3M npM MaCTOTHO-CeJieKTHBHblX 

3aMMpaHMflx CMmana. 6 3.n. cfwibi, 6 nn. 
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(54) METHOD FOR COHERENT STAGGERED SIGNAL TRANSMISSION 



(57) Abstract: 

FIELD: radio engineering; radio 
communication systems. SUBSTANCE: method 
includes generation of N staggering channels 
and N pilot signals on sending end; data 
signal is transmitted through all staggering 
channels and pilot signal is passed through 
respective staggering channels; on receiving 
end transfer functions of staggering 
channels are estimated using transmitted 
pilot signals; using estimates obtained data 
signal transmitted through each staggering 



channel is pre-distorted on sending end. 
EFFECT: enhanced efficiency of signal 
transmission at frequency-selective signal 
fading. 7 d, 6 dwg 
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M3o6peTeHne othocmtch k oonaern 
paAnoTexHMKM, k cnoco6y opraHn3au,nn 
pa3HeceHHon nepeAann enmana b cncTeMe 

paflM0CBfl3M, B MaCTHOCTH B CUCTeMe 
paAMOCBfl3M C MHOKeCTBeHHbIM AOcrynoM. 

flnn paflnocB^3n b ycnoBunx ropoACKon" 
3acTpo^KM nnn nepeceneHHOfl MecTHOCTn 
xapaiaepHo MHoronyneBoe pacnpocTpaHeHne 
enmana, npmopp\i\ee k 3aMnpaHH«M enmana 
Ha npneMHofi CTopoHe, b tom nncne n k 

MaCTOTHO-Ce/ieKTHBHblM 3aMHpaHM«M. 

3aMnpaHMfl 3HaHMTenbHO yxyAwaiOT KanecTBO 
npneMa enmana, npn stom b cncTeMax 
nepeAann nHct>opMau,nn B03pacTaeT 

BepOflTHOCTb OWnOOK, H CHHXaeTCfl CKOpOCTb 

nepeAann nHcfcopwiaLinn. 

riosTOMy Heo6xoAHMO cosAaBaTb TaKne 
cnoco6bi nepeAann cumana, KOTopbie cnnwafOT 
snuflHue 3aMnpannn" Ha KanecTBO paAnocBA3n. 
Hanoonee sc^c^eKTHBHbiM cnocoo*OM 6opb6bi c 
3aMHpaHM«MH flBnseTcn opraHH3ai4M« 
pa3HeceHHbix KaHanoB nepeAann (b KOTopbix 
nepeAaBaeMbiK enman nperepneBaeT 
CTaTHCTunecKn He3aBncnMbie ncKaxeHna [1, 
Microwave Mobile Communications/Edited by 
William C. Jakes. IEEE Press. NY, 1994]) n 
nepeAana abhhwx no stum pa3HeceHHbiM 
KaHanaM. 

H3BecTHbi cnoco6bi KorepeHTHotf 
pa3HeceHHo^ nepeAann enmana, Ha3biBaeMbie 
Retransmission Diversity [1], nepeAana 
cumana comacHO othm cnoco6aM 
ocyu^ecTanfleTCfl c N npocrpaHCTBeHHO 
pa3HeceHHbix nepeAaioiiinx aHTeHH. I~lpn stom 
Ha nepeAaiometf CTopoHe H3BecTHbi 
KOManeKCHbie KoaqbqtMLineHTbi nepeAann 
cumanoB Me>KAy nepeAaiomnMn am-eHHaMn n 
npneMHon* aHTeHHOfl. 3Ta HHo>opiviauM« 
ncnonb3yeTCfl Ann MaKcnMn3au,nn OTHoiueHnfl 
cnman-wyM (OCLU) b npneMHon" aHTeHHe 
nocpeACTBOM onTnManbHon" ycTaHOBKM 
aMruiMTyAbi n c£>a3bi nepeAaBaeMoro cumana b 
KajKAoP^ nepeAaiowefi aHTeHHe. 

PaccMaTpkiBaKDTCfl ABa ocHOBHbix cnocoGa 
nonyneHna Tpe6yeMon" HHcpopMai^MM o KaHane 
pacnpocTpaHeHMfl. B nepBOM cnoco6e b 
cucTeMe CBS3M peannsoBaH BpeMeHHoft 
AynneKC. riosTOMy ou,eHKa KaHana 
pacnpocTpaHeHMfl cpopMnpyeTca npn npneMe 
cumana Ha yKa3aHHbie N aHTeHH. Bo btopom 
cnocoGe ncnonb3yeTca nacTOTHbin AynneKC, ho 
nonocbi MacTOT npaMoro n o6paTHoro KaHanoB 
nepeAann enmana pacnonaraioTCfl 6nn3KO APyr 
k Apyry c TeM, nTo6bi KaHanbi pacnpocTpaHeHna 
b np^MOM n oGpaTHOM HanpaaneHnax 6binn 
cnnbHo KoppennpoBaHHbiMn. B stom cnynae 3a 
oqeHKy npHMoro KaHana TaioKe 6epeTCfl OLieHxa 
o6paTHoro KaHana. 

B COBpeMeHHblX CMCTeMaX CBH3n OGblHHO 

Mcnonb3yeTC« nacTOTHbifi AynneKC n 
npnMeHflKDTC« AOCTaTOMHO LUMpoKononocHbie 
cumanbi. IlosTOMy ycTpaHeHne B3anMHoro 
Bnn^HUfl cumanoB b npsMOM n ocpaTHOM 
KaHanax TpeoyeT oSecneneHnfl 3HannTenbHoro 
nacTOTHoro pa3Hoca Me>KAy stumh KaHanaMn. 
YKa3aHHbie cfcaiaopbi ncunionaioT npajannecKyK) 
peann3au,nK) cnoco6a Retransmission Diversity 
[1]. 

An* MHoronyMeBbix KaHanoB cb«3h n3BecTHO 
TexHunecKoe peujeHne [2, "Pre-RAKE diversity 
combining in time division duplex CDMA 
mibile communications", IEEE, 1995 r. 
0-7803-3002-1/95 431-435], 3aKnMDMaK)ineecH b 
tom, hto npeAHa3HaHeHHbii4 ahh nepeAann 
MHc})opMamioHHbiM cuman npeAbicKawaeTca 
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T3KMM o6pa30M, hto6w cKOMneHCHpOBaTb ero 
MCKa>KeHMfl b MHoronyMeBOM KaHane. B 
pe3ynbTaTe npnHHMaeMbi« cnman aanneTCfl 
OAHonyneBbiM n o6pa6aTbiBaeTC« npocTbiM 
oAHonyneBbiM npneMHHKOM. 3to oco6eHHo 
aicryanbHo Ana npfiMoro KaHana, nocKonbKy Ha 
a6oHeHTCKofl cTaHi^Mn He Tpe6yeTC« 
ncnonb30BaHne cnoacHoro b peann3aunn 
MHoronyneBoro (Rake) npueMHUKa. fln« 
peann3aL^nn yKasaHHoro cnoco6a nepeAann 
cumana Ha nepeAaiomefi CTopoHe Tpe6yeTC« 
oi^eHKa KaHana pacnpocTpaHeHna. flosTOMy 
aBTopbi npeA/iaratOT cbo^ cnoco6 An« cm ere m 
CB33H c BpeMeHHbiM AynneKcoM, rAe nonyneHne 
TaKofl oi^eHKM He npeAcraBnaeT 6onbUJMX 
3aTpyAHeHnn. 

HanConee 6nn3KHM TexHnnecKViM peujeHneM 
k 3aflBnfieMOMy cnoco6y pasHeceHHofi nepeAann 
cumana ABn^eTCfl cnoco6, onncaHHbitf b 
npoeiae CTaHAapTa 3GPP [3; 3 rd Generation 
Partnership Project; Technical Specification 
Group Radio Access Network; Physical Layer 
procedures (FDD), 3G TS 25.214 v.3.3.0 
(2000-06), p. p. 29-31, aneiapoHHafl Bepcn* 
http://www.3gpp.org]. Cnoco6-npoTOTnn 
ncnonb3yeTCH b np^MOM KaHane (HanpaaneHne 
CBS3H ot 6a30Bofl CTaHu,nn k Mo6nnbHoCi 
CTaHunn) cncTeMbi cb«3h 3GPP sawifonaeTCfl b 
tom, hto: 

Ha nepeAatome^ CTopoHe c£>opMnpyioT ABa 
npocTpancTBeHHO pa3HeceHHbix KaHana 
nepeAann enmana, Ana Ka>KAoro 
npocTpaHCTBeHHO pa3HeceHHoro KaHana 
nepeAann enmana cpopMnpytoT 

cooTBeTCTBytomntf 3TOMy KaHany nnnoT-cnman 
TaKnM o6pa30M, nTo6bi cqbopMnpoBaHHbie 
nnnoT-cnmanbi 6binn B3anMHo opToroHanbHW, 
cf)opMnpyioT nHqbopMaL^noHHbi^ enman, 
opToroHanbHbitf nnnoT-cnmanaM, n nepeAaioT 
ero nepe3 ABa npocTpancTBeHHO pa3HeceHHbix 
KaHana nepeAann enmana oAHOBpeMeHHO c 
nnnoT-cnmanaMn; 

Ha npneMHofi CTopoHe qbopMnpyraT oi^eHKy 
<£a30Boro cABnra, KOTopyio Heo6xoAnMO BHecTn 
b enman, nepeAaBaeMbi^ nepe3 BTopoi^ 
npocTpaHCTBeHHO pa3HeceHHbin" KaHan 
nepeAann enmana a/i« Toro, hto6w 
MaKcnMn3npoBaTb OTHoaieHne cnman-noMexa 
Ha npneMHoPi CTopoHe, nnn oqeHKy cpa30Boro 
CABnra n aMnnnTyAHoro MHownTena 
(K03c})4)ni4neHTa), KOTopbie Heo6xoAnMO BHecTn 
b enman, nepeAasaeMbin" nepe3 BTopon 
npocTpaHCTBeHHO pa3HeceHHbifi KaHan 
nepeAann enmana a/ih Toro, nToSbi 
MaKcnMn3npOBaTb OTHoiueHne cnman-noMexa 
Ha npneMHon CTopoHe, nonyneHHbie oi^eHKn 
coo6maK)T Ha nepeAatou^yK) cropoHy; 

Ha nepeAafomen CTopoHe KoppeianpytoT 
enman, nepeAaeaeMbin no BTopoMy 
npocTpaHCTBeHHO pa3HeceHHOMy KaHany 
nepeAann enmana b cooTBeTCTBnn c 
nonyneHHbiMn oi^eHKaMn. 

YKa3aHHoe n3o6peTeHne MO>KeT 
ncnonb30BaTbC5i b cncTeMax CBP3n c nacTOTHbiM 
AynneKCOM 6naroAapn HannnnHD o6paTHon" 
cB«3n, no kotopo^ nepeAaeTCfl ou,eHKa np«Moro 
KaHana c Mo6nnbHoPi CTaHLjnn (MC) Ha GasoByK) 
CTaHunK) (5C). 

HeAOCTaTKOM cnoco6a-npoTOTnna FiBnaeTCR 
Hn3Kaa ecJx})eKTnBHOCTb pa6oTbi npn 
nacTOTHO-ceneKTnBHbix saMnpaHnwx enmana. 
Ha nepeAatomen CTopoHe Bee KOMnoHeHTbi 
cnesapa nepeAaBaeMoro enmana nonyna»OT 
OAnHaKOBbie aMnnnTyAH0-c{)a30Bbie KoppeKunn, 
b to BpeMfl KaK aMnnnTyAHO-cf>a30Bbie 
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MCKaxeHun pa3JinHHbix ynacTKOB cneicrpa 
npMHUMaeMoro cumana pa3ntma»OTCfl BBn^y 
MacTOTHO-ceneKTHBHoro xapaiaepa 3aMnpaHnfl. 
nosTOMy b cnoco6e-npoTo™ne HeB03Mo>KHO 
o6ecnennTb. onTMManbHoe KorepeHTHoe 
cno>KeHMe b TOMKe npneMa Konnvi 
MHc{)opMai^noHHoro cwmana, nepeAaHHbix no 
pa3HeceHHbiM KaHanaM, oAHOBpeMeHHo Ana 
Bcex cneiapanbHbix komfiohght 

HHcf>opManMOHHoro cumana. 

3aAaMa, Ha peujeHne KOTopotf HanpaB/ieHo 
3anBn«eMoe M3o6peTeHne, - noBbiuieHwe 
acfcJjeKTMBHOCTH nepeflaMU cumana b cHcreMe 
paAnocBflsn npw HacTOTHo-ceneKTUBHbix 
3aiviMpaHM«x cumana. 

riocTaBJieHHaw 3aAana peiuaeTCH nyieM 
u cnon b30 Ba huh 3aflan*eMoro cnocooa 
KorepeHTHoPi pa3HeceHHofi nepeflann cumana. 

3aaBnfleMbifl cnoco6 KorepeHTHotf 
pasHeceHHofi nepeAann cumana 3aKn*OMaeTCfl b 
tom, hto: 

Ha nepeAaiomefi CTopoHe cfjopMMpyKDT N 
KaHanoB pasHeceHMfl, 

cf>opMnpyK)T N nnnoT-cnmanoB m Ha3HanaK)T 
Ka^KAOMy KaHany pa3HeceHna cbo& 
nunoT-cuman, 

nepeAawT HHC^opMai^MOHHbiM cuman nepe3 
Bee KaHanw pa3HeceHi/m, a nunoT-cumanbi - no 
cooTBeTCTByK>LUMM KaHanaM pa3HeceHu$i, 

Ha npneviHoK CTopoHe OLjeHHBaioT 
nepeAaTOMHbie qbyHKm/iw KaHanos pa3HeceHMfl c 
ncnonb30BaHneM nepeAaHHbix nunoT-cumanoB, 
nepeAafor pe3ynbTaTbi olj©hku nepeAaTOMHbix 
4>yHKL^MM KaHanoB pa3HeceHna Ha nepeAaiou^yjo 
CTopoHy, 

Ha nepeAaiomefl cropoHe b coorBeTCTBHn c 
nonyMeHHbiMH pe3ynbTaTaMii oi^eHOK 
ocymecTBnaioT npeAbicKajKenwe 
MHC^opMaqnoHHoro cumana, nepeAaBaeMoro 
Mepe3 xa>KAbi& KaHan pa3HeceHna TaKMM 

06pa30M, HTOO"bl MaKCMMM3HpOBaTb K3MeCTBO 

npneMa MHcfiopMai^MOHHoro cumana Ha 
npneMHOM CTopoHe. 

npuneM nvmoT-cumanbi KaHanoB 
pa3HeceHMfl n nHqbopMai4MOHHbifi CMman 

HBn*»OTCfl BSaMMHO OpTOrOHanbHblMH. 

Bo3MO>KHbi pa3nnHHbie cnocoGbi 

ct>opMnpoBaHMfl nnnoT-cnmanoB . 

nnnoT-cnmanbi KaHanos pa3Hecemifl m 
HHcf)opMai4noHHbi« CMman Moryr, HanpwMep, 
3aHMMaTb OAHy n Ty we nonocy nacroT. 

nunoT-cuman Ka>KAoro KaHana pasHeceHym 
mo>k©t npeACTaanflTb co6otf coBOKynHOCTb 
y3KononocHbix nunor-cumanoB, 
pacnpeAeneHHbix no nonoce MacTOT, 
3aHMMaeMoii nHc|)opMai4MOHHbiM cumanoM. 

nunoT-cuman Ka>KAoro KaHana pasHecenwfl 
MoweT npeACTaBnnTb co6otf coBOKynHOCTb 
y3KononocHbix nnnoT-cnmanoB, 
pacnpeAeneHHbix no nonoce HacroT, 
BbfAeneHHofl cucreMe paAMocB«3n, npu qtom 
nonoca MacTOT pa3AenaeTCfl Me>KAy 
y3KononocHbiivin nnnoT-cumanaMW paanuHHbix 
KaHanoB pa3HeceHH« h UHqbopMai4UOHHbiM 
cumanoM. 

Onepaqufl npeAbicKaxeHUfl 
HHcfiopMaL^MOHHoro cumana MoweT 6biTb 
BbinonneHa pa3nnHHbiM o6pa30M. 

HanpuMep, A^fl ocymecTBneHMFi 
npeAbicKa>KeHH5i MHcfropMauwHHoro ckimana 
pa36nBaK)T nonocy nacTOT MH<#opMai4HOHHoro 
cumana Ha M npuMbiKajou^nx nacTOTHbix nonoc, 
ocyiMecTBnqK)T cfrnnbTpamuo HHC^opMaqnoHHoro 
cumana b Ka>KAOvi MacTOTHotf nonoce, o6pa3ya 
M c^nnbTpoBaHHbix wHcfcopMauuoHHbix cumanoB, 
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KoppeKTMpyKDT <$a3y n aMnnniyAy Ka>KAoro 
4>nnbTpoBaHHoro MH^opMai^MOHHoro cumana b 
cooTBercTBHH c peaynbTaTaMVi oL\eHKn 
nepeAaTOHHo^ cfcyHKL;nu cooTBeTCTByiOLnero 
Kanana pa3HeceHnn, o6pa3yn 
CKoppeKTwpoBaHHbie 0wnbTpoBaHHbie 
nHc|)opMaL\noHHbie cumanw, KOTopwe 3aTeM 
cyMMMpyioT. 

Hnn, Hanp^Mep, Ann ocymecTaneHun 
npeAbiCKaxeHUfl MHcf)opMai^MOHHoro cumana 
ocyiAecTBnflfOT npaivioe npeo6pa30BaHne Oypbe 
HaA MH(})opMai4MOHHbiM cumanoM, pe3ynbTaT 
npeo6pa30BaHnn nepeMHOKaHDT c c^yHKi^ne^, 
KOMnneKCHO conpn>KeHHO« c nepeAaTOMHO^ 
c£yHKLiuePi cooTBeTCTByioLqero KaHana 
pa3HeceHMfl, m ocymecTBnflfOT o6paTHoe 
npeo6pa30BaHne Oypbe. 

noA nepeAaTOHHofi cpyHKL^ne^ (nnn 
MacTOTHbiM KO3cf)0Mi4neHTOM nepeAaMn) 
nnHeftHOti cucTeMbi b nmepaType [4, 
ToHopoBCKntf \A.O. PaAHOTexHMMecKne uenn m 
cumanw. MocKBa, "CoBeTCKoe paAno". 1977, c. 
176-177], [5, CM. BaCKaKOB. 

PaAHOTexHMMecKMe L^enM m cMmanbi, M., 
"Bbfcoiafl niKona. 1988 r., c. 211-212] 
noHMMaeTca KOMnneKCHan cfyHKL^nn, paBHaa 
wacTHOMy cneKrpanbHbix nnoTHOcrreii BbixoAHoro 
h BXOAHoro cumanoB nMHefiHOM cMcreMbi. 

ConocTaBHTenbHbi^ aHann3 3aflBnneMoro 
cnocoGa c npoTOTunoM noKa3biBaeT, mto 
3aflBnneMbi« cnoco6 cymecTBeHHO omnMaeTc« 
ot npOTOTuna. 

OCiUMMn npM3HaKaMn 3aflBn«eMoro cnoco6a 
n npOTOTuna fiBnaeTCH 4)opMnpoBaHne N 
KaHanoB pa3HeceHnn Ha nepeAajometf cropoHe 
n HannHne o6paTHotf cbasm c npneMHoC^ 
cTopoHbi, KOTopaa cny>KHT Ann KoppeKqun 
napaMeTpoB HHc^opMaqnoHHoro cumana, 
nepeAasaeMoro nepe3 pa3nnMHbie KaHanbi 
pa3HeceHMfl, c i^enbto ynymueHun KanecTBa 
npneMa MH4)opMaL\MOHHoro cumana. 

OmuMMTenbHbJMH npM3HaKaMH 3a«BnfleMoro 
cnocoSa m npOTOTuna ABnaioTCfl cneAytotAne 
npn3HaKn: 

Ha npneMHO^ CTopoHe OL^ennBaJOT 
nepeAaTOMHbie cpyHKi4HM KaHanoB pa3HeceHHfl c 
ncnonb30BaHneM nepeAaHHbix nunoT cMmanoB, 

nepeAawT pe3ynbTaTbi OL\eHKM 

nepeAaTOMHbix cfiyHKL^tf KaHanoB pa3HeceHMfi 
Ha nepeAaioLuyio cropoHy, 

Ha nepeAaioiAe^ CTopoHe b cooTBeTCTBMH c 
nonyMeHHbiMn pe3ynbTaTaMH OL\eHOK 
ocymecTBnflioT npeAbicKa>KeHne 
HHcpopMaqnoHHoro cumana, nepeAaBaeMoro 
nepes Ka>KAbiCi KaHan pa3HeceHnn, TaKUM 
o6pa30M, mto6w MaKcnMH3npoBaTb KanecTBO 
npneMa MHC^opMai^noHHoro cumana Ha 
npneMHOM CTopoHe. 

HoBH3Ha n npenMyiAecTBO 3aflBnneMoro 
cnoco6a KorepeHTHoB pa3HeceHHO^ nepeAaHM 
cumana 3aKn»OMaKDTCfl b yneTe nacTOTHO 
-ceneKTHBHoro xapaicrepa saMi/ipaHnfl cumana 
nocpeACTBOM onTMMM3ai^nn pa3HeceHHo^ 
nepeAann BHyTpn nonocbi nacTOT, saHMMaeMoi^ 
MHcfcopMauHOHHbiM cumanoM. 

nepeMMcneHHbie omnHMTenbHbie npn3HaKM 
o6ecnennBaK)T 3a^Bn«eMOMy cnoco6y no 

CpaBHeHHK) C npOTOTMnOM COOTBeTCTBUe 
KpHTepHfO "HOBM3Ha u . 

CpaBHeHne 3aflsn«eMoro n3o6peTeHHfl c 

ApyrMMM TeXHUMeCKMMM peiiieHUflMM, 
H3BeCTHblMH B ABHHOV1 o6naCTH TeXHUKU, He 

no3Bonnno BbmBMTb npn3HaKM, onpeAeneHHbie 
kbk oTnuHMTenbHbie. 

CoBOKynHOCTb OTnUHMTenbHblX npH3H3KOB 
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npn peann3aL\nn b 3aflBnneM0M cnocooe 
KorepeHTHOfl pa3HeceHHOfl nepeAaMM CMmana 

n03BO^fleT 3HaHMTenbHO nOBblCHTb 

noMexoycTo^MMBOCTb n nponycKHyjo 

CnOC06HOCTb CMCTSMbl paflHOCB«3H. 

CneAOBaienbHO, 3aflanfleMoe n3o6peTeHne 
oTBeMaer KpMTepMHM M3o6peTeHMfl 
"cyii\ecTBeHHbie OTnMMMfl", "HeoHeBMAHocTb" m 
OTBenaeT n3o6peTaTenbCKOMy ypOBHK). 

B 3aBHCnMbix nyHKTax cfopMynbi npuBeAeHbi 
npuMepw BbinonHeHMfl ochobhwx onepaijMfi 
saflB/iaeMoro cnoco6a, pacKpbiTue KOTOpbix 
no3BonaeT nyHwe noHHTb npaKTMMecKyio 
pea/iH3ai4MK) cnoco6a. 

OnncaHue M3o6peTeHMH noacHfieTcfl 
rpa4)MMecKMMH MaTepnanaMM. 

<$>nr.1 nn/uocTpupyeT pa36neHne 

BbiAeneHHoro b cMCTeMe paAnocBfl3M nonocbi 
nacTOT Ha MacTOTHbie KaHanbi, rAe f 1t f 2( . ... fM - 
qeHTpanbHbie MacroTbi MacroTHbix KaHanoB. 

Ha qbMr. 2 npMBeAeH npHMep 
pacnpeAeneHM* HHCJXDpMamdOHHbix n 
nn/ioT-cuMBonoB no MacroTHbiM KaHanaM. 

<t>nr.3 winKxrrpMpyeT npMMep peann3aL^nn 
3anBJifleMoro cnoco6a KorepeHTHOM 
pa3HeceHHO^ nepeAaMM Ha ycTpotfcTBax 
nepeAaiomefl m npMeMHOfi CTopoHbi (npniviep 
pea/in3ai4MM 3aflBnaeMoro ycTpotfcTBa ahh 
cudeMbi OFDM). 

<Pnr. 4 HnniocTpMpyeT npMMep peann3aunM 
saflBJifleMoro cnocooa KorepeHTHotf 
pasHeceHHofi nepeAaMM Ha ycTpo&CTBax 
nepeAaiome^ m npneMHo& CTopoHbi (npMMep 
peaJiM3aunM saflBnaeMoro ycTpoflcTBa Ann 
CMdeMbi CDMA). 

Ha qbnr.5 noKa3aH 6noK npeAbicKaaceHMfl 
MHcJ)opMai4MOHHoro CMmana Ann cMCTeMbi 
CDMA. 

Ha qbur. 6, nosMLjMH "a", noKa3aH cnyMafi, 
KorAa 3HaneHMfl nepeAaTOHHbix ckyHKUMfi AByx 
KaHanoB pa3HeceHHfl, cooTBeTCTBy tongue 
OAHHaKOBofi nacTOTe, pacnonoweHbi b oahom" 
nonynnocKocTM Ha nnocKocTM KOMnneKCHoro 
nepeMeHHoro; no3nunfl "6" - cnynatf, KorAa 
3Ha^eHUfl nepeAaTOMHbix qbyHKUMfi AByx 
KaHanoB pa3HeceHMfl, cooTBeTCTByjoiAne 
oAHHaKOBort nacTOTe, pacnono>KeHbi b pa3Hbix 
noxiynnocKOCTflx Ha nnocrocTM KOMnneKCHoro 
nepeMeHHoro. 

ycTpot^CTBa nepeAaiomefl m np^eMHofi 
CTopoHbi (qbnr.3) coA e P^ aT - 

Ha nepeAaiomefi cTopoHe: M nacTOTHbix 
KanajioB '\i-'\ M . reHepaiop noAHecymux nacTOT 
2, nepBbifi 3 n BTopofl 4 cyMMaTopbi, 6noK 
KoppeKquM 5, ABe nepeAatoujMe aHTeHHbi 
6 1-62 n ABe npneMHbie aHTeHHbi 71-72, nepBbie 

BXOAbl MaCTOTHblX KaHanOB 1r1 M HBnfllOTCfl 

MHCpopMai^noHHbiMH BXOAaMn m o6pa3yHDT 

BXOAbl yCTpOMCTBa, BTOpbie MX BXOAbl 
COeAHHeHbl C COOTBeTCTByiOLAMMM MM BblXOAaMM 

reHepaTopa noAHecyu^nx nacTOT 2, nepBbie 

BbJXOAbl HaCTOTHblX K3H3J10B l-|-1 M COeAMHeHbl C 
COOTBeTCTByJOL^MMH MM nepBbIMM BXOAaMM 

nepBoro 3 cyMMaTopa, BTopbie BbixoAbi 
MacTOTHbix KaHanoB li-1 M coeAMHeHbi c 

COOTBeTCTByiOlAMMM MM BTOpbIMM BXOAaMM 

BTOporo cyMMaTOpa 4, BbixoAbi nepsoro 3 m 
BToporo 4 cyMMaTopoB coeAMHeHbi 
cooTBeTCTBeHHo c nepBOfi 61 M BTOpOM 
6 2 nepeAaiOLUMMM aHTeHHaMU, nepBan 7 1 n 
BTopan 7 2 npneMHbie aHTeHHbi coeAHHeHbi 

COOTBeTCTBeHHO C nepBbIM M BTOpbIM BXOAaMM 

6noKa KoppeiojHM 5, BbixoAbi KOToporo 

COeAMHeHbl C TpeTbMMM BXOAaMM M HaCTOTHblX 



KaHanoB h-1 M i Ka>KAbi^ nacTOTHbii^ Kanan 
coAep>KMT nepBbi^ 8, btodoCi 9 m TpeTMM 10 
nepeMHO>KMTeriM, nepBbie sxoAbi nepBoro 8 m 
BToporo 9 nepeMHOXMTeneM 06-beAMHeHbi, 
o6pa3yfl nepBbifl bxoa nacTOTHoro KaHana, 

5 BTopbie BXOAbl nepBoro 8 m BToporo 9 
nepeMHO)KMTeneM o6"beAMHeHbi, o6pa3yn BTopoii 
bxoa nacTOTHoro KaHa/ia, bwxoa nepBoro 8 
nepeMHo>KMTenfl o6pa3yeT nepBbi^ BbixoA 
nacTOTHoro KaHa/ia, BbixoA BToporo 

1Q nepeMHO>KMTenfl 9 coeAMHeH c nepBbiM bxoaom 
TpeTbero nepeMHOKMTertfl 10, BTopoi^ bxoa 
KOToporo o6pa3yeT TpeTM^ bxoa nacTOTHoro 
KaHana, bhxoa TpeTbero nepeMHOKMTerifl 10 
flB/meTCfl BTopbiM BbixoAOM nacTOTHoro KaHana; 
Ha npMeMHOtf CTopone: npMeMHyio aHTeHHy 

15 11. A©MOAynflTOp 12, 6noK oi^eHKM 13, 6noK 
o6paTHOM cbhsm 14 m nepeAaioinyio aHTeHHy 15, 
npMeMHan aHTeHHa 11 coeAMHeHa c nepBbiM 
bxoaom A e m OAy n a to pa 12 m bxoaom 6noKa 
oi^eHKM 13. nepBbiM BbixoA SnoKa oi^eHKM 13 
coeAMHeH co BTopbiM bxoaom AeMOAyn^Topa 

20 12, BblXOA KOTOporO HBnfleTCfl BblXOAOM 

yCTpO^CTBa, BTOpOM BblXOA onoKa OL^eHKM 13 

coeAMHeH co bxoaom 6noKa o6paTHO« cb^3m 14, 
BbixoA KOToporo coeAMHeH c nepeAaioinefl 

aHTeHHOM 15. 

YcTpoMCTBa nepeAaioiAe^ m npMeMHO^ 
CTopoHbi (qbMr.4) coAep>KaT: 

Ha nepeAaiomefi CTopoHe: K BeTse^ 
pa3HeceHHOfi nepeAanM cMmana K 
nonb30BaTenePi A5^5 K , Ka>KAan BeTBb 
pa3HeceHHo£^ nepeAaMM cumana nonbsoBaTena 

30 coAep>KMT N onoKOB npeAbicKaxeHM« 
MHcj>opMai^MOHHoro CMmana 16i-16 K , 
reHepaTop nMnoT-cMmanoB 17, N 
cyMMaTopoB 3-|-3n, 6noK KOppeKi^MM 5, N 
nepeAaiou^MX aHTeHH 6i-6isi m N npMeMHbix 

35 aHTeHH 7 r 7 N , nepBbie BXOAbl BeTBePi 
pa3HeceHHo« nepeAaMM CMmana 

nonb30BaTeneM 15i-15 K flBn^JOTcn 

MH0OpMaiAMOHHblMM BXOAaMM M OOpasyiOT 
BXOAbl yCTpO^CTBa, BTOpbie MX BXOAbl 
COeAMHeH bl C COOTBeTCTByiOLUMMM MM BblXOAaMM 

40 6noKa KoppeKi^MM 5, BbixoAbi BeTBe« 
pa3HeceHHOi^ nepeAaMM cumajia 

nonb30BaTene^ 15-j-15 K coeAMHeHbi c 

COOTBeTCTByiOlUMMM MM nepBblMM BXOAaMM N 

cyMMaTopoB 3^3^, BTopwe bxoaw cyMMaTopoB 

45 3i-3n COeAMHeHbl C COOTBeTCTByiOlAMMM MM 

BblXOAaMM renepaTopa nMnoT-cMmanoB 17, 
BbixoA Ka>KAoro cyMMaTopa 3i-3 N coeAMHeH co 
bxoaom cooTBeTCTByiomefi ©My nepeAaioiAePi 
aHTeHHbi 6-|-6n, npMeMHbie aHTeHHbi 

7 r 7 N coeAMHeHbi co BXOAaMM 6noKa KoppeKi^MM 
50 5> 

npMMeM nepBbie bxoaw 6noKOB 
npeAbicKa>KeHMfl MHcjDopMai^MOHHoro CMmana 
16i-16n b Ka>KAO^ BeTBM pa3HeceHHO^ 
nepeAaMM cumana nonb30BaTena o6"beAMHeHbi, 
55 o6pa3yfl nepBbiM bxoa 3to« BeTBM, BTopbie 
BXOAbl 6noKOB npeAbicKaxeHMn 
MHcj)opMai^MOHHoro CMmana 16i-16n o6pa3y»OT 

BTOpbie BXOAbl B Ka>KAOM BeTBM, a BblXOAbl 

6noKOB npeAbicKa^eHMR MHO>opMaL^MOHHoro 
CMmana ISi-ISN ABnaiOTCfl BbixoAaMM 

60 COOTBeTCTByKDU^MX BeTBeM pa3HeceHHOM 
nepeAaMM cumana nonb30BaTenq, 

Ha npMeMHOM CTopoHe: npMeMHyio aHTeHHy 
11, ASMOAyriflTop 12, 6noK oueHKM 13, onoK 
o6paTH0^ CBA3M 14 m nepeAaKDLqyK) aHTeHHy 15, 
npMeMHaa aHTeHHa 11 coeAMHeHa c nepBbiM 
bxoaom a© m o Ay n hto p a 12 m bxoaom onoKa 
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oueHKM 13, nepBbifl bwxoa onoKa ou,eHKM 13 
coeAHHeH co BTopbiM bxoaom AeMOAyn^Topa 

12, BblXOA KOTOporO «BJl«eTCfl BblXOAOM 
yCTpOMCTBa, BTOpOfl BblXOA 6/lOKa Ol^6HKM 13 

coeAHHeH co bxoaom onoKa o6paTHofi cb«3m 14, 
BbJXOA KOToporo coeAHHeH c nepeAaiomefi 

aHTeHHOM 15. 

Ha o>ir.5 npuBeAeH npwMep BbinonHeHMH 
onoKa npeAbiCKa>KeHMR i/iHC^opMai^noHHoro 
cumana 1 6, KOTopbifi coAepXMT M cpunbTpoB 
18i-18 M , M nepeMHOKkirenetf 19i-19 M m 
cyMMaTop 20, npuneM BxoAbi M cpmibTpoa 
o6"beAHHeHbi 18H8 M , o6pa3ya bxoa onoKa 
npeAbiCKa>KeHHfl MHcfcopMau^OHHoro cumana 16, 
bwxoa Ka>KAoro cfwribTpa 18i-18 M coeAHHeH c 
nepBbiM bxoaom cooTBeTCTByromero eMy 
nepeMHOXHTe/ifl 19 r 19 M. Ha BTopwe BXOAbi 
nepeMHo>KHTenePt 19i-19 M nocrynatOT 3HaMeHMfl 
nepeAaTOHHoPi cJ>yHKi4MM onoKa npeAbicKaweHMH 
MHc})opMai4MOHHoro cumana, cooTBeTCTByioi^ne 
L^eHTpanbHbiM nacroTaM c^n/ibTpoB, BbixoAbi M 
nepeMHoacnTenefi 19i-19 M coeAnneHbi c 
cooTBeTCTBywLMMMH mm BXOAaMH cyMMaTopa 20. 
BbixoA KOToporo flanjieTCfl BbixoAOM onoKa 
npeAbicKa>KeHMfl MHc^opMaiAuoHHoro cumana 16. 

PaccMOTpMM npuMepw peannaaijMH 
3aflB^fleMoro M3o6peTeHna b cucteMax cb*3h, 
ncnonb3yfOL4MX OFDM [6, Richard van Nee, 
Ramjee Prasad. OFDM for wireless Multimedia 
Communications] npnHu,un pa3Aenew/m KaHanoB 
m b cucTeMax CDMA. 

BHaMane paccMOTpuM npuMeHeHne 
3aflB/ieHHoro M3o6peTeHMfl b cucreMax c OFDM. 
CucreMe paAnocBA3n MHOKecrseHHoro AOCTyna, 
BKniOMaioiAe^ no KpaflHefl Mepe oAHy BC \a oamh 
aooHeHTCKMft TepMUHan (AT), BbiAeneHa nonoca 
nacTOT ujupMHOM F. BbiAeneHHyio nonocy nacroT 
pa36MBaK>T Ha M MacTOTHbix nonoc TaK, KaK, 
HanpMMep, noKa3aHO Ha cfnr.1, me fi, f2,.... fM - 
L^eHTparibHbie nacTOTbi MacTOTHbix nonoc. KaK 
bhaho M3 cjwr.1, nacroTHbie nonocbi 
nepeceKaJOTCfl, mto o6ecneMMBaer 
acfxfceKTkiBHoe ncno/ib30BaHne BbiAeneHHofi 
nonocbi MacTOT. 

Ha BC cfcopMwpyeTCR noroK 

MHC{)OpMaL^MOHHblX CUMBOJIOB, KOTOpblfi 

TpeGyeTcn nepeAaTb a6oHeHTCKMM TepMMHanaM. 
npM 3TOM nHOO BeCb MHCf)OpMaU ( HOHHblfi noTOK 

MO>KeT nepeAaBaTbCfl KajKAofi aboHeHTCKotf 
CTani^nn, nn6o pasxiMMHbie MacTn noTOKa MoryT 
nepeAaBaTbcn pasnnMHbiM a6oHeHTCKHM 
TepMMHanaM. riepeAasaeMbie CMMBonbi b 
o6meM cnynae ABnatoTCH kom nn eKCH bi m m , mto 
COOTBeTCTByeT KBaApaTypHbiM BMAaM 

MOAyn^MMM. 

B Te^eHMe AHMTeribHOCTM oahoto CMMBO/ia T 
Mepes M nacTOTHbtx nonoc OAHOBpeMeHHO 
Mo>KeT nepeAaBaTbCfl M cmmbojiob (nacTOTHbie 
KaHaribi l r 1 M Ha cfiMr.3). AnMTenbHOCTb CMMBona 

M UJMpMHa MaCTOTHOfi nOJIOCbl AOJl>KHbl 
yAOBfieTBOp«Tb yCJIOBMK) 
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rAe A f = fi+1-fj; i=1. 2, 3, ...M-1; k € Z. 

B 3Tom cnynae npM npweMe cmmbo/iob 6yAyT 
OTcyTCTBOBaTb B3anMHbie noMexn Me>KAy hmmm. 

flna opraHM3auMM pa3HeceHMH b npHMOM 
KaHane Ha nepeAaic-metf cTopoHe c^opMMpyercfl 
N KaHanoB pa3HeceHMfl. KaHanw pa3HeceHM« 
MoryT, HanpMMep, 6biTb cc{)opMMpoBaHbi 
nocpeACTBOM opraHM3ai^MM nepeAaMM CMmana 
Mepe3 N pa3HeceHHbix nepeAajoLUMx aHTeHH. 

npM 3TOM MO)KHO MCnOflb30BaTb 

npocTpaHCTBeHHO pa3HeceHHbie aHteHHbi mjim 
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aHTSHHbi c pa3HOM no/iflpnaauneM. fl/ia npniwepa 
nono)KMM N=2. B 3aflBnneMOM M3o6peTeHMM 
ocyiAecTBJifleTCfl KorepeHTHafl nepeAana 
MH<£opMau,MOHHoro CMmana Mepe3 N KaHanoB 
pa3HeceHMfl (6 1-62 Ha cj)Mr.3). Rna 
ocyLAecTBJieHM« KorepeHTHO^ nepeAa^M Ha 
nepeAaKDinetf CTopoHe Tpe6yeTC« 3HaTb 
nepeAaTOHHbie <£vhku>im KaHanoB pa3HeceHMf?. 
B CMCTeMax cb^3m c nacTOTHbiM Ayn/ieKCOM 
oueHKa yKa3aHHbix nepeAaTOMHbix cJ)yHKUM^ 

BO3M0>KHa TOnbKO Ha npaeMHofi CTOpOHe. B 
3a«BJifleMOM M3o6peTeHMM 3Ta OL^eHKa 
0opMMpyeTCfl Ha np^eMHofl CTopoHe (Ha 
a 60 h e htcko m TepMMHane) c Mcnorib30BaHMeM 
opToroHanbHbix nM/ioT-CMmanoB, 
nepeAaBaeMbix nepes pa3HMMHbie KaHanw 
pa3HeceHM«, m 3aieM nepeAaercn Ha 
nepeAajoi^yK) cropoHy (BC). 

Ha nepeAaioLAei^ CTopoHe ocyiAecTB/ifleTCfl 
npeAbicKa>KeHMe MHcfopMai^MOHHoro cumana 
nocpeACTBOM cpasoBot^ MnM 

aMnnMTyAH0-4>a30B0M KOppeKi^nn 
MHc|)opMaL\MOHHoro CMmana b MacTOTHbix 
KaHanax 1 r 1 M b oahom M3 KananoB pa3HeceHMji 

(HanpMMep, BO BTOpOM) T3KMM 06pa30M, MT06bl 

MaKCMMM3MpoBaTb OTHOLueHMe CMman-noMexa 
Ha npneMHOM CTopoHe. 

B paccMaTpMBaeMOM npMMepe peanM3ai^MM 
M3o6peTeHM« nMnoT-CMmanbi peanM3yKDTcn 
nocpeACTBOM nepeAaMM n nn ot-cm m Bon o b b 
nacTM MacTOTHbix nonoc. npMMeM nonoBMHa 
nMnoT-CMMBonoB nepeAaeTcn nepe3 nepBbiM 
KaHan pa3HeceHMn, a BTopaa nonoBMHa - Mepe3 
BTopoM KaHan pa3HeceHHfl. 

Ha npMeMHO^ CTopoHe HenocpeACTBeHHafl 
oi^eHKa nepeAaTOMHbix c})yHKi4M^ KaHanoB 
pa3HeceHM« Mo>KeT 6biTb ocyiAecTBneHa TonbKo 
b Tex MacTOTHbix nonocax, no kotopwm 
nepeAaiOTCfl n MnoT-cM m b on w cooTBeTCTBywDiAMX 
KananoB pa3HeceHMji. OLjeHKa u,enMKOM 
nepeAaTOMHbix QbyHKU^M^ oGomx KaHanoB 
pa3HeceHMfl MO>KeT 6biTb nonyneHa 
nocpeACTBOM MHTepnon«i4MM yKa3aHHbix np^Mbix 
oueHOK, HanpMMep, c noMombK) MeTOAa 
rayccoBCKO^ MHTepnonfli^MM, npMMep 
Mcnonb30BaHMfi KOToporo npuBeAeH b [7, S. 
Sampei and T. Sunaga, "Rayleigh fading 
compensation for QAM in land mobile radio 
communications, " IEEE Trans. Veh. TechnoL, 
vol. 42, pp. 137-146, May 1993] . B 3TOM 

CBA3M nMnOT-CMMBOnbl AOn>KHbl 6blTb 

paBHOMepHO pacnpeAeneHbi b BbiAeneHHoCH 
nonoce MacTOT c MHTepBanoM, KOTOpbi^ 
nosBonaeT ocyu^ecTsnflTb MHTepnon«L^njo 
npflMbix ot^eHOK Ha npMeMHofl CTopoHe. npMMep 
pacnpeAeneHMH MHqbopMauMOHHbix m 
nMnoT-CMMBonoB no MacTOTHbiM KaHanaM 
noKa3aH Ha c^nr.2. 

PaccMOTpMM npMMep o6pa6oTKM 
nepeAaHHoro CMmana Ha npMeMHOM CTopoHe 
(*Mr.3). 

Ha30BeM rpynnoBbiM cm m Bono m M 
cuMBonoB, KOTopbie OAHOBpeMeHHO nepeAaroTcn 
Mepes M MacTOTHbix nonoc, m o6o3H3mmm ero a. 
MacTb CMMBonoB rpynnoBoro cm m Bona nBnnmcn 

HHC^OpMaUjMOHHblMM CMMBOnaMM, ocTanbHbie 

CMMBonw RBn«K0Tcw nMnoT-cMMBonaMM nepBoro 
n BToporo KaHanoB pasHeceHMW. 
HHcfopMaL^MOHHyio m nunoTHbie MaCTM 
rpynnoBoro cum Bona o6o3H3Mmm KaK a d , 
a p i m ap2 cooTBeTCTBeHHO (a d , a p1 , ap 2 ea). 

nocne npeo6pa30BaHMH BXOAHoro CMmana 
Ha HM3KyK) MacTOTy bx oahom KBaApaTypHbiM 
(KOMnneKCHbi^) CMman Ha MHTepBane 
AnMTenbHOCTM OAHoro rpynnoBoro cMMBona 
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([0;TJ) nMeeT cneflyioinuM bma: 
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rAe Aj, q>i - aMrmkiTyfla u c£a3a cumana b 
i-ofl nacTOTHOfi nonoce; ^ _ noMexa, 

net) — 

HanpuMep, aAAMTHBHbitf 6enbitf rayccoBCKMfl 
ujyM c AsycTopoHHetf cneicrpanbHOtf 

nnOTHOCTbKD MOLl^HOCTH Nq/2; • CMMBOJ1, 

i 

nepeAaBaeMbiw b i-ofi hbctothom nonoce. 

Ha npMeMHotf cTopoHe ocymecTBnfleTCH 
pa3Ae/ieHne BXOAHoro cumana Ha cnmanbi 
pa3nnMHbix MacTOTHbix nonoc. B pe3ynbtaTe 
<4>opMnpyeTc« M pewaiomux 



BennMHH • 



KWdP H3 KOTOpblX coAep>KUT 



WHCpOpMBUyiK) TOflbKO 06 oahom CHMBOne 

(KOTopbiK nepeAaBancfl b cooTBeTCTByioineft 
MacTOTHOM nonoce) 

= ^fx<tJe At - A A e » A +" A . A = X,M. <3> 

O 

BHyTpeHH^fl CTpyicrypa pemaKDu^MX BenvmHH, 
cooTBeTCTBy»oiAMx nepeAaHHbiM 

HHt^OpMaiAMOHHblM CHMBOnaM, WMeeT bha 

rAe An, 9^ - aMnnmyAa n c£a3a cumana, 
npHiueAU-iero b TOMKy npneMa nepe3 nepBbifi 
KaHan pa3HeceHna (ot nepBotf nepeAaK>inefi 
aHTeHHbi), b i-otf nacTOTHofl nonoce; Aa, cp 2 i - 
aMnnniyAa n o>a3a cumana, npniueAUJero b 
TOHKy npMeiwa nepe3 BTopoK KaHan pa3HeceHw» 
(ot BTopoK nepeAatomeK aHTeHHbi), b i-ofi 



MacroTHO^ nonoce; 
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jAi|> 



KOMnneKCHbi^ 
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cumanoB b nacroTHbix nonocax A^, <py t h 

A 2- <P2 flBnflJOTCfl M3BeCTHblMH. 

Ha nepeAaK>myK) cropoHy no o6paTHOMy 
xaHany nepeAaioTCH 3HaneHn« K030>o>mneHTOB, 
ncnonb3yeivibix aha KoppeKi^nn q*Da3bi A<pj M 
awinnnTyAbi &Aj nHo>opMai4HOHHoro cumana 
(npeAbicKaxeHMA MH$opManMOHHoro cumana) b 
pa3nnHHbix MacTOTHbix nonocax bo BTopofi 
aHTeHHe (cm. cf>Mr.2). B o6meM cnynae otm 

K034>(fcHL4HeHTbl paBHbl 
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TaKUM o6pa30M, i^enb 0>a3OBotf KoppeKLjwH 
HHO>opMaL4HOHHoro cumana, nepeAaBaeMoro 
nepe3 BTopyio aHTeHHy, 3aKnK)MaeTCfl b 
o6ecneHeHMH KorepeHTHoro cyMMnpoBaHMH 
MHcpopMaunoHHoro cumana, npuiueAUJero no 
AByw KaHariaM pa3HeceHHH, b TOHKe npneMa. 
AMnnnTyAHaw KoppeKijHf? o6ecneMHBaeT 
nepeAany 6onbtuefi Mac™ 3Heprnn 
MHO>opMaunoHHoro cumana no KaHany 
pa3HeceHHR c MeHbaiuM 3aTyxaHneM cumana n 
MeHbiuefl nacTn no Kanany pa3HeceHH« c 
6onbiunM 3aTyxaHneM cumana. B pe3ynbTaTe 
yKa3aHHo« a m nn HTyAHO-cJ)a30BO \a KoppeKqun 
MaKCHMM3npyeTC« oTHOiueHne cuman-iuyM Ha 
bxoas npneMHMKa. 

3avieTHM, hto He o6fl3aTenbHO nepeAaBaTb 
3HaMeHne KoppeKTHpyiomero K030>qbML\neHTa 
A/ia Ka>KAO^ nacTOTHoP^ nonocbi. 3to 3HaneHne 
Moxer 6biTb nepeAaHO TonbKo Anfl MacTM 
MacTOTHbix nonoc, a KoppeKTupytotMne 

K03Q>Cf)HI4MeHTbl Pfi9\ OCTanbHblX HaCTOTHblX 

nonoc MoryT 6biTb nonyneHbi nocpeACTBOM 
HHTepnonnuMM nMeiomnxcfl KoscJx^MuneHTOB. 

OneHKH HHCpOpMai^MOHHblX CMMBOnOB Ha 
npneMHOf^ CTOpOHe Cf)OpMHpyK)TC5? B 
COOTBeTCTBHH C Bbipa>KeHneM 
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BecoBOM K03cf)o>MqneHT, KoppeKTMpyjoLnnC^ o>a3y 
n aMnnnTyAy cumana, nepeAaBaeMoro nepe3 
BTopyio aHTeHHy, b i-oii nacroTHoii nonoce; 

BHyTpeHHHH cTpyicrypa peiuaioiUMX BenuMMH, 
cooTBeTCTByfOiMMX nepeAaHHbiM 
nunoT-cuMBonaM nepBoro KaHana pasHeceHMH, 
HMeeT bha 



i li x i i pi 

BHyTpeHHflfl CTpyicrypa petuatOLUHX BenHHMH, 
COOTBeTCTBy»OU4HX nnnoT-CMMBonaM BTOporo 
KaHana pasHecennfl, HMeeT bha 
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Ha npneMHoPi CTopoHe ocymecTBnjieTCfl 
oueHKa nepeAaTOHHbix o>yHKL^Mti nepBoro h 
BTOporo KaHanoB pa3HeceHna. An« 3Toro 
CHanana c})OpMMpyK)Tcyi np^Mbie oi4eHKH 
nepeAaTOHHbix cfctyHKi^i* b Tex MacTOTHbix 
nonocax, no kotopwm nepeAaBanHCb 
niinoT-ckiMBonbi cooTBeTCTByioinMX KaHanoB 
pa3HeceHna (BbipaxeHHfl (5) m (6)). 3aTeM 
nocpeACTBOM nHTepnonni4HH nonyneHHbix 
npflMbix oqeHOK cfropMnpyeTCfl OL^eHKa Bce« 
nepeAaTOMHOft $yHKi4nn Ka>KAoro KaHana 
pa3HeceHHfl. B pe3ynbTaTe aMnnMTyAbi m o>a3bi 
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Zx 
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jAtp. 



rAe R< • > - peiuaioLnee npaBHno, b 
cooTBeTCTBHn c KOTopbiM no peiuaioineia 
cTaTHCTMKe (apryMeHTy) BbinocMTCfl peiueHHe b 
nonb3y Toro kinn HHoro nepeAaHHoro cum Bona, 
npMHaAne>Kamero ancf>aBHTy CMMBonoB a Ha 
nepeAaioinetf cTopone (HanpHMep, Ana 
ABOHHHOft cf>a30BoCi MaHnnynfli4vin 
aHann3npyeTCfl TonbKo 3HaK petuaioineH 

CTaTHCTHKH). 

PaccMOTpuM Apyrotf np^Mep peann3aL\nn 
3a^BnaeMoro M3o6peTeHMfl npMMeHvrrenbHo k 
cucTeMaM CBA3H c KOAOBbiM pa3AeneHneM 
KaHanoB (CDMA). CooTBeTCTByioiJ4afl 
CTpyKTypHan cxeMa 3a«Bn«eMoro M3o6peTeHnn 
noKa3aHa Ha cjwr.4. B ckicTeMax CDMA Bee 
nonb3oaaTenn oAHOBpeMeHHo ncnonb3yioT OAHy 
m Ty >Ke nonocy HacTOT atih nepeAanM 
MHcpopMai^MM. Pa3AeneHne cnmanoB 
nonb30BaTenefi Ha npneMHoi^ CTopoHe 
ocyiAecTBnfieTca 3a cneT Toro, hto yKa3aHHbie 
ckimanw npeACTaanaioT co6ofi 
4>a30MaHnnynnpoBaHHbie KOAOBbie 
nocneAOBaTenbHocTM, kiMeioiAHe HU3KyK> 
B3anMHyio Koppenf^nio. B KanecTBe npMeMHHKa 
HcnonbsyeTcs Koppen^Top, BbiMncnnrOLUH« 
Koppen^UHio BXOAHoro cumana, b kotopom 
npncyTCTByioT cUmanbi Bcex OAHOBpeMeHHo 
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pa60TaK)i^nx nonbsoBaTenefl, w cumana 
nonb30BaTena. B pe3ynbTare CHman 
npHHMMaeMoro nonbsoBaTena ycnnnBaeTC« 

KOppen«TOpOM B 3HaHMTe/lbH0 6onbUjefl 

CTeneHU, neM cuma/ibi ocTanbHbix 
nonb30BaTeneM. II pa mom KaHan CHoreM CDMA 

HBJIfleTCfl CHHXpOHHbIM (HaManO KOAOBblX 

nocneAOBaTenbHOCTefi Bcex nonb30BaTenefi 
BbipoBHeHo), mto no3Bon«eT ncnonb30BaTb An« 
pa3AeneHua nonb30BaTenefl opToroHanbHbie 
KOflOBbie nocxneAOBaTeribHocTM, 
npon3BeAeHHbie, HanpMMep, H3 aHcaM6na 
opToroHanbHbix koaob Vornua. 

MacTb cumanoB, nepeAaBaeMbix no 
npflMOMy KaHa/iy, aanHJOTCfl cny>Ke6HbiMH n 
othochtch ko BceM nonbsoBaTenaM. npMMepoM 
cny>Ke6Horo cumana ^BrmeTca nnnoT-cnman, 
KOTopwCi ncnonb3yeTCfl, b nacTHOCTH, Ana 
oi4eHKM napaMeipoB (nacTOTbi, BpeMeHHoro 
nonoKeHUR, KOMnneKCHoft omoaKNuetf) 
npuHMMaeworo curHana. 

B 3aflBnfleMOM M3o6peTeHnn nepeAana 
cumana Ka)KAoro nonbSOBaTena npon3BOAHTcsi 
oAHOBpeMeHHo nepe3 N KaHanoB pa3HeceHHH, 
HanpuMep, nepe3 N pa3HeceHHbix nepeAatomux 
ameHH (6r6 N ). noaTOMy Konuu 
HHC})opMaL\noHHoro cumana pacnpocTpaHflioTCH 
Mepe3 N pa3/inHHbix KaHanoB pa3HeceHUH, 
npe>KAe neM npnATH b TOHKy npneMa m 

06pa3OBaTb CyMMapHblfl HH(})OpMaU,l40HHbltf 

cuman. Ann Toro HTo6bt o6*ecneMHTb Ha bxoa© 
npneMHMKa 6*nu3Koe k onTMManbHOMy cnoweHwe 
Konntf MHcjDopMai^noHHoro cumana, npoiueAWHx 
no pa3fiMMHbiM KaHanaM pa3HeceHnn, Ha 
r\epe/xai\o\i\e\A CTopoHe Tpe6yeTca nMeTb oi^eHKM 
yKa3aHHbix KaHanoB pa3HeceHvm. B 3aflBnaeMOM 
m 3o6pe TeH m n 3TH oueHKM ct)opMkipyK>Tcn Ha 
npkieMHofi cTopoHe n 3aTeM nepeAajOTC* Ha 
nepeAaiomyto cTopoHy. £Um Toro HTo6bi 
Tpe6yeMbie ou,eHKH Mornw 6biTb ccfcopMupoBaHbi 
Ha npneMHoi* CTopoHe nepe3 Ka>KAbitf KaHan 
pa3HeceHMA AonaceH nepeAaBaTbca 
opToroHajibHbiii nnnoT-cm>ian. 

TaKMM o6pa30M, b 3a«anfleMOM 
n3o6peTeHMH Ha nepeAarameft CTopoHe 
CtXDpMMpyKDTCfl N opToroHanbHbix 
nnnoT-cnmanoB (b 6noKe 17) . cooTBeTCTBeHHO 
MMcny KaHanoB pa3HeceHMfl. fina 3Toro b 
cucTeMe CDMA us aHcaM6nn KOAOBbix 
nocjieAOBaTenbHOcrevi, Ha3HanaeMbix 
pa3nnHHbiM KaHanaM nepeAaHH, aoji>kho 6biTb 
BbiAe^ieHO N koaobwx nocneAOBaTexibHOCTetf 
noA nwnoT-cumanbi N KaHanoB pa3HeceHMfl. 
Ko/iMMecTBO opToroHanbHbix koaobwx 
nocneAOBaTenbHocTe^ 3aAaHHoPi ahmhw Q Ha 
6C orpaHkNeHo. 06biMHO, MOxeT 6biTb 

CCjXDpMUpOBaHO TOJlbKO Q OpTOrOHaJIbHblX 

KOAOBbix nocjieAOBaTe/ibHOCTet^ AnnHbi Q. 
fljiMHa koaobom nocneAOBaTenbHocTM an user Ha 
CKopocTb nepeAann MH4)opMai^nM c 
ncnonb30BaHneM 3Totf nocneAOBaTenbHocm. B 
oSii^eM cnynae, neM KOpone KOAOBafl 
nocneAOBaieribHOCTb, t&m c 6onbiue^ 
CKopocTbK> MoweT nepeAaBaTbcq MH4>opMai4Mfl m 
Hao6opoT. nooTOMy Ha 5C KopoTKne 
opToroHanbHbie nocneAOBaTeribHoc™ ^BnwjOTCfl 

Aecf)MUHTHblMH no CpaBHeHMJO C AnUHHblMM. 

MTo6bi He CHUKaTb CKOpocTn nepeAawn AaHHbix 
b np^MOM KaHane b KanecTBe nunoT-CMmanoB, 
mokho ucnonb30BaTb AnnHHbie KOAOBbie 
nooneAOBaTenbHOCTH. EAUHCTBeHHbiM 
orpaHnneHneM Ha AnnHy koaobo^ 
nocneAOBaTeribHOCTn b ashhom cnyMae 
ABJiHeTCfl TpeGoBaHne CTaL^noHapHOCTM KaHana 
pacnpocTpaneHUfl b TeneHne UHTepBana 
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OpTOrOHaJIbHOCTM . 

B cnyMae, KorAa opToroHanbHbix 
nocneAOBarenbHOCTefi HeAOCTaTOHHO, Ann 
pacujupeHun aHcaM6nn cumanoB MoryT 
ncnonb30Batbcn KBa3nopToroHanbHbie 
nocneAOBaTenbHOCTM, KaK sto npeAycwoTpeHO b 

HeKOTOpblX COBpeMeHHblX CTaHAapTaX CB«3H 

CDMA [8, 3GPP2 C. S0002-A Physical Layer 
Standard for cdma 2000 Spred Spectrum 
Systems, June, 2000]. Ksa3MopToroHanbHbie 
nocneAOBaTenbHoc™ HMetoT HeHyneByK), ho 

AOCT3TOMHO HH3KyJO B33HMHyiO KOppenBI4MK> M 

npn 3TOM o6naAaK)T 3HaMHTenbHO 6onbUJMM 
pa3MepOM aHcaM6nji, MeM opToroHanbHbie 
nocneAOBaTenbHOCTM. 

I*lo nepeAaHHbiM nunoT-cumanaM Ha 
npneMHOM CTopoHe cfiopMnpyfOTcn oueHKM 
nepeAaTOHHbix c£yHKU,uft cooTBeTCTByiomux 
KaHanoB pa3HeceHMfl (6noK oi^eHKvi 13). 
YKa3aHHan oueHKa MomeT 6biTb ocyiAecTBneHa c 

MCnonb30BaHMeM H3BeCTHblX MeTOAOB. 

HanpuMep, MoryT 6btTb cHanana ot^eHeHbi 
MMnynbCHbie xapaKTepucTMKM KaHanoB 
pasHeceHun [9, A. Hewitt, W. Lau, J. Austin, 
and E. Wilar, "An autoregressive approach to 
the identification of multipath ray 
parameters from field measurements, " IEEE 
Trans, on Comm., voi.37, pp. 1136-1143, Nov. 
1989], [10, J. Ehrenberg, T. Ewart, and R. 
Moms, "Signal processing techniques for 
resolving individual pulses in a multipath 
signal," J. Acoust. Soc. Amer., vol. 63, pp. 
1861-1865, Jun. 1978], [11, Zoran kostic, M. 
Ibrahim Sezan, and Edward L. Titlebaum, 
"Estimation of the parameters of a multipath 
channel using set-theoritic deconvolution," 
IEEE Trans, on Comm., vol. 40, No. 6, June 
1992]. nepeAaTOMHbie o>yHKu,nu 3aTeM MoryT 
(5brrb nonyneHbi nocpeACTBOM BbiMHcneHH* 
o6paTHoro npeo6pa30BaHHfi Oypbe ot OLieHOK 
HMnynbCHbix xapaiaepMCTHK. 

Pe3ynbTaTbi OLteHKH nepeAaTOHHbix 4)yHKi4MM 
KaHanoB pa3HeceHHfl 3aTeM nepeAafOTca Ha 
nepeAaiou^yra CTopony (6noK 14). 

PaccMOTpuM Tenepb npMMep Toro, KaK 
nonyHeHHafl nHo>opMaL\nn Mo>KeT 6wTb 
ncnonb30BaHa Ha nepeAaHDu^eR CTopoHe An« 
vnyHUjeHHfl KasecTBa npneMa b npflMOM KaHane. 

Ha nepeAaJomefi CTopoHe cpopMMpyfOT N 
ojiokob npeAbiCKaKeHUfl MHct)opMai;noHHoro 
cumana (16^16^ coot b eTCTBe h h o nucny 
KaHanoB pa3HeceHMfl. B kwom 6noKe 
npeAbicKaxeHMfl MHcf)opMaL^noHHoro cumana 
(16i-16n) BHOCflTCfl npeAbicKaxeHUfl b cneiap 
nHcpopMaL^noHHoro cumana, nepeAaBaeMoro 
Mepe3 cooTBeTCTByKOLAH^ KaHan pa3HeceHMfl 

TaKMM 06pa30M, HT06bI MaKCHMH3HpOBaTb 

Ka^ecTBo npweMa b npnMOM KaHane. 

Ppn noHMMaHHfl xapaKTepa npeAbicKaxeHM^, 
BHOCMMbix b cneKTp MHc^opMaL^MOHHoro cumana 
b Ka>KAOM GnoKe npeAbicKaxeHnw 
MHc})opMaunoHHoro cumana, npoaHanki3npyeM 
CTpyKTypy nHcjDopMai^MOHHoro cumana Ha BXOAe 
npneMHUKa. CneKTpanbHyK) nnoTHOcTb (Cn) 
3KBMBaneHTHoro BHAeoMacTOTHoro 
MHcf»opMai4noHHoro cumana Ha MHTepeane 
nepeAaMM OAHoro nHcf>opMamioHHoro cuMBona 
[0;T] mokho npeAcraBMTb b oneAytomeM BMAe: 
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rAe • C£ > - cn MHCpopMai^noHHoro cumana 

d 



CTOpOHe. TaKUM 06pa30M, B03MO>KHO 

Tex h hm ecKos peiueHne, npn kotopom Ha 
nepeAa»OL4yK) CTopOHy nepeAaioTCfl TonbKo 
oTCMeTbi OHX nepeAaTOMHbix tpynmyift KaHanoB 
pa3HeceHnsi. npuneM AOcraTOHHO nepeflaeaTb 
3HaMeHnn <t>MX no otholushhk) k <J>MX KaHana 
pa3HeceHHfl, BbiOpaHHoro b KanecTBe onopHoro. 
3to no3BO/i«eT nepeAaBaTb N-1 seicropOB 

OTCHGTOB C^MX BMeCTO N BeKTOpOB. (lyCTb 

onopHbiM, HanpuMep, nan«eTcn nepBbitf KaHan 
pa3HeceHH«. TorAa aha Ha nepeAaiomyfo 
CTopOHy cneAy^T nepeAaBaTb Beiaopbi 
OTCM6TOB <t>MX KaHanoB pa3HeceHH« co BToporo 
no N-bifi 

<t>F = [9i1*9i2>-*iMl> 05) 
rAe 



4> 



= argCG C£ 



> )-argCG CF 



>>; 



m = x,m; i = z,n; 



arg(»)- cfyHKLjHH bsatmh 



apryMeHTa KOivinneKCHoro nucna. 

06"beM nepeAaBaeMofi nHc£>opMai4nw mo>kho 
eu^e 6onee coKpaTMTb, yMeHbiuaR paspflAHOCTb 
i4M(4)poBoro npeACTaBiieHMfl nepeAaBaeMbix 
OTCMeTOB OMX KaHanos pa3HeceHi/m. Arm aroro 
saMeTMM, MTOAnfl nonyneHHfl Bbinrpbiiua b OCLU 
AOdaTOHHO o6ecneHMTb TaicyK) TOHHOCTb <t>MX 
6noKOB npeAbiCKa>KeHMfl WHcfcopMaLjuoHHoro 
cumana, npn kotodoA eu\e o6ecnennBaeTCfl 
cnoKeHMe (a He BbiHHTaHHe) cneKrpanbHbix 
nnoTHocTefi none3Horo cumana pa3nuMHbix 
KaHanoB pa3HeceHu« b TOMKe npueivia. JlerKO 
y6eAMTbCfl, hto b 3tom cnynae AonycTHMbie 
paccomacoBaHUH b TOMKe npueiwa <fca30Bbix 
cneicrpoB none3Horo cumana, nepeAaHHoro 
Mepe3 njo6bie Asa pa3nnHHbix KaHana 
pa3HeceHHfl, MoryT newaTb b Anana30He ot 90 
AO 120 rpaAycoB b 3aBncuMOCTH ot 
cooTHOweHWH aMnnnTyA cneKrpanbHbix 

COCTaBJlflJOLUHX. 

C yneTOM cKa3aHHoro AOcraTOMHO 
nepeAaBaTb cneAyKW»o MHc^opMaqnio. Rnn 
nepBoro (Bbi6paHHoro b KanecTBe onopHoro) 
KaHana pa3HeceHnn HUMero He nepeAaeTca. Arm 
ocTanbHbix KaHanoB pa3HeceHWH nepeAaKrrcfl 
BeKTopbt OTCMeTOB OMX KaHanoB pa3HeceHUfl, 
ho Ka>KAbi^ OTcneT npeACTaBnen oahooVithwm 
MHcnoM ("0" una "1"). 3to nwcno noKa3biBaeT, 

MTO COOTBeTCTBytOLl^H^ OTCMeT <DMX HaXOAHTCfl 

nn6o b oAHofl c£a30Bofi nonynnocKoc™ c 
OAHOMMeHHbiM oTCHeTOM onopHott <t>MX 
{<pw.6a), nu6o b Apyrotf cpa30BOtf 
nonynnocKocTM (cfinr.66), T.e. 

<t>i C = [b i i,b i 2...^ M ]. (16) 



rAe 
b 



{l,-90<ip <90 
JLm 
0 , otherwise 



Ha nepeAatomefi CTopoHe nonyneHHaa 
MHc{)opMai4nn ucnonb3yeTcn Ana pacneTa 
nepeAaroHHbix cfcyHKijvitf otiokob 

npeAbicKa>KeHM« KHcfcopNiai^HOHHoro cumana (b 

6riOKe 5) B COOTBeTCTBMI C Bbipa>KeHMflMM 

Ti=[1,1 1] - (17) 

nepeAaTOMHaa c£yHKL\nfl 6noKa 
npeAbicKa>KeHna uHc^opMauHOHHoro cumana, 
cooTBeTCTByHDLnero onopHOMy KaHany 
pa3HeceHMP; 



i = 2 , M . 
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Ecnn no3BonaioT ycnoBnw, to cneAyeT 
nepeAaBaTb m HHct)OpMamno 06 AMX KaHanoB 
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pa3HeceHua, nocKonbKy ee ncnonb30Banue 
no3BonneT cyi^ecTBeHHO yBennnurb 
noMexoycTOMHUBOCTb KorepeHTHofi pa3HeceHHOM 
nepeAann. B 3tom cnynae atia Kaw<Aoro KaHana 
pa3HeceHHfl, BKnionafl m onopHbiM, cneAyeT 
nepeAaBaTb Bejcrop OTCMeTOB ero AMX 

Ai T =[AM.Ai 2 Am]- (19) 

npn 3tom Arm npeACTaBneHUH Ka>KAoro 
OTcneTa AMX AocraTOHHO ncnonb30BaTb 
HecKonbKO pa3pnAOB, HanpuMep 2-4 pa3paaa. 
BbipaxeHun Ana nepeAaTOMHbix cfyHKHMtf 
6noKOB npeAbicKaxeHH^ wiHc^opMai^noHHoro 
cumana TorAa Aon>KHbi 6biTb MOAM4>m4MpoBaHbi 



\ = 



\l' A 12 A 1M 



czo> 



nepeAaTOHHa* cpymuyin 6noKa 
npeAbtCKaxeH^fl nHc^opMai^uoHHoro cumana, 
cooTBeTCTByjoinero onopHOMy KaHany 
pa3HeceHHfl; 
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1 = 2,M> CZ1> 

rAe q(b im ) - cpyHKHun npeo6pa30BaHMfl 
npMHHToro ABOUHHoro Mucna b cfcasoBbifi cabut; 
AaHHas 4>yHKUHfl Mo>KeT 6biTb 3aAaHa b bma© 
TaGnni^bi cooTBeTCTBHR nepeAaBaeMoro n 
pa3pflAHoro nucna onpeAeneHHOMy c|)a30BOMy 
CABMry. 

OnucaHHbie Bbiiue MeTOAHKn cHM>KeHnn 
06-bewia nepeAaBaeMO^ KOHTponbHovi 
nHcf>opMa4nn c npneMHO^ Ha nepeAaioiuiyK) 
CTopoHy hocat o6lah^ xapaiaep n, b nacTHOCTM, 
MoryT 6biTb TaioKe npuMeHeHbi b paHee 
paccMOTpeHHOM npniwepe npwvieHeHMfl 
3ananeHHoro M3o6peTeHM« b cucTeMe cbasm c 
OFDM. 

npMMep annapaTHO^ peann3ai^nn 6noKa 
npeAbicKaxeHun MHcjDopMai^noHHoro cumana 
noacHfleT cj)nr. 5. MHct>opMai4MOHHbi« cuman 
cHawana pacqbnnbTpoBbiBaeTC5i c noMou^bKo 
Haoopa M cf>nnbTpoB (18 r 18 M ) Ha M 
npuMbiKaiou^Mx nacTOTHbix nonoc. Cuman 
Ka>KAO^ nacTOTHofl nonocbi nepeMHOKaeTca co 
3HaneHMeM nepeAaroHHofl cJ)yHKi4HM 6noKa 
npeAbicKSDKeHUfl nH0opMaqnoHHoro cumana Ha 
L^eHTpanbHo^ nacTOTe aroi^ MacroTHotf nonocbi 
(3Ta onepaunH BbinonHfleTcn c noMoiubK) 
nepeMHO>KHTene« 19 r 19 M ), m nonyneHHbie 
pesynbTaTbi cy mmm py jotcr b cyMMaTope 20. C 
BbixoAa cyMMaTopa 20 CHUMaeTca Tpe6yeMbiM 
npeAbtCKaweHHbifi nH<})opMai4noHHbiii cuman. 

Bo3MO)KHbi \a Apyrne cnoco6bi peanM3amiM 
GnoKOB npeAWCKaxeHUfl nHcfopMai^noHHoro 
cumana. Hanp^Mep, 6noK npeAbicKa>KeHMfl 
HHcf)opMai4HOHHoro cumana mo>kho 

peannsosaTb b bha© ($nnbTpa, nMnynbCHaa 
xapaKTepucTMKa KOToporo MoweT 6biTb 
nonyneHa c noMoiubJo o6paTHoro. 

Bo3MO>KHbi n Apyrne cnoco6bi peann3amin 
6noKOB npeAbiCKaxeHUfl HHc()opMaL;MOHHoro 
CMmana. HanpuMep, 6noK npeAbicKa>KeHMq 
MHcfiopMauMOHHoro cumana mo>kho 
peann30BaTb b BMAe 0nnbTpa, MMnynbCHan 
xapaicrepucTHKa KOToporo Mo>KeT 6biTb 
nonyneHa c noMOU^bfo oGpaTHoro 
npeo6pa30BaHHH Oypbe nepeAaTOMHo^ 
cf)yHKi^nM 6noKa npeAbicKa>KeHHfl 
HHcjDopMai^MOHHoro cumana. nonyneHne 
nepeAaTOHHO^ c|jyHKUHM 6noKa npeAbicKaxeHUfl 
MHct)opMaunoHHoro cumana noApo6HO 
paccMaTpuBanocb Bbnue. 

Hhwmh cnoBaMU, npeAbicKa>KeHne 
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HHcfcopMai^HOHHoro cumana MoweT 

OCymeCTBHATbCfl BO BpeMeHHOfl \A B 

cneicrpanbHotf o6nacTHX, npn otom 
AOCTMraeMbii^ ocpcpeta ynyMweHHH 
noMexoycTotfHH booth npneiwa 6yfleT 

OAHHaKOBblM. riOCKOflbKy Me>KAy BpeMeHHbIM H 

cneKTpanbHbiM npeACTaBneHkieM cumana 
cyLuecTByeT b33hmho 0AH03HaMH0e 
cooTBeTCTBue, bma npeACTaaneHUfl cumanoB 
npn peanMsat^nvi U3o6peTeHHfl Ha nepeAaiomefi 
u npneMHow cropoHax He MMeeT SHaMeHUfl. 

33MGTMM, MTO XOTfl B paCCMOTpeHHblX B 

onucaHMH npuMepax peanki3aL4HM n3o(5peTeHi/m 
ncnonb3yeicR npocipaHCTBeHHoe nnn 
non«pn3ai^noHHoe pasHeceHne, b 3anBn*eMOM 
H3o6peTeHnn MoryT npHMeHHTbcn nio6bie 
n3BecTHbie bhaw pasHeceHMH (nanpwMep, 

Bp©M6HHOe MJ1M MaCTOTHOe). CyLi^HOCTb 

M3o6peTeHHfl, KOTopaa 3aKnioMaeTCfl b 
npeAWCKa>KeHnn nHc|>opMaL4uoHHoro cumana a 

COOTBeTCTBMH C nepeAaTOMHblMH CfjyHKUMflMH 

KaHanoB pa3HeceHHfl Ana MaKcnMH3ai4vin 
KaMecrBa npnewia uHcfcopMaLjHOHHoro ckimana, 
ocTaejcfl npn stom Hen3MeHHOM. 

3aflanfleMoe M30CpeTeHne no cpaBHeHwo c 

H3BeCTHblMH TeXHUMeCKMMH peLUeHHHMM B 

AaHHOM o6nacTH TexHMKM no3BonaeT noBbicnTb 
noMexoycTOMMUBocTb nepeAaMU cumana b 
cucTeMe paAHOCBH3n npu 

HacTOTHO-ceneKTMBHbix 3aMnpaHM«x cumana. 

OopMyna M3o6peTeHt/ia: 

1. Cnocoo" KorepeHTHO^ pa3HeceHHotf 
nepeAaMM cumana, 3aKntoMaK>muflcfl a tom, hto 
- Ha nepeAaiomefi CTopoHe <£opMupyiOT N 
KaHanoB pasHeceHHfl, cfcopMMpyiOT N 
nnnoT-cnmanoB n Ha3HaMaioT Ka>KAowy KaHany 
pa3HeceHna cboA nunoT-cnman, nepeAafcr 
nHc^opMauMOHHbi^ cMman nepe3 Bee KaHanbi 
pa3HeceHM«, a nunoT-cumanbi no 
cooTBercTByiou^nM KaHanaM pa3HeceHnn, Ha 
npneMHO^ CTopoHe oueHUBaioT nepeAaTOMHbie 
c£yHKLiHH KananoB pa3HeceHHH c 
ncnonb30BaHneM nepeAaHHbix nunoT-cnmanoB, 
nepeAaioT pe3ynbTaTbj 014© hkh nepeAaTOMHbix 
(J)yHKi;nfi KaHanoB pa3HeceHym Ha nepeAarau^yK) 
cTopony, Ha nepeAaiometf CTopoHe b 
cooTBeTCTBun c nonyMeHHbiMH pe3ynbiaTaMu 
oL^eHOK ocyu^ecTanflioT npeAbicKSixeHHe 
nHcjDopMai4MOHHoro cumana, nepeAasaeMoro 
Mepes Ka>KAbiM KaHan pa3HeceHHfl TaKMM 

06pa30M, HTOOW MaKCMMM3MpOBaTb KanecTso 
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npneMa nHcf)opMai^noHHoro cumana Ha 
npneMHoii cropoHe. 

2. Cnoco6 no n.1, oTni/iMaiomMtfcfl TeM, mto 
nunoT-cumanw KaHanoB pa3HeceHna m 

MHCf)0pMai4kl0HHbl^ CHman flBnflJOTCH B33HMHO 
OpTOrOHanbHblMM. 

3. Cnoco6 no n.1 nnn 2, oTnwnaioLUHficfl TeM, 
mo nnnoT-cnmanbi KaHanoB pa3HeceHMfl w 
MHc(x)pMai^noHHbiK cuman 3aHUMaK>T oAHy u Ty 
we nonocy MacroT. 

4. Cnoco6 no n.1 win 2, OTnnMajoinntfcfl TeM, 
mto nunoT-cuman Kaworo KaHana pa3HeceHna 
npeACTaanjieT co6otf cosoKynHocTb 
y3KononocHbix nunoT-cumanoB, 
pacnpeAeneHHbix no nonoce MacTOT, 
3aHMMaewoM wHc|D0pMai4H0HHbiM cnmanoM. 

5. Cnoco6 no n.1, nnn 2, nnn 4, 
OTnuMajoii^nPicfl TeM, mto nunoT-cuman Ka>KAoro 
KaHana pa3HeceHMfl npeACTaBnneT co6o^ 
coBOKynHocTb y3KononocHbix nunoT-cumanoB, 
pacnpeAeneHHbix no nonoce nacTOT, 
BbiAeneHHoCH cucTeMe paAM0CB«3n, npn 3tom 
nonoca MacTOT pa3Aen«eTCH Me>KAy 
y3KononocHbiMH nnnoT-cnmanaMn pa3nnMHbix 
KaHanoB pa3HeceHHfl m HHcjDopMai^MOHHbiM 
cMmanoM. 

6. Cnoco6 no n.1, oTnuMaioti^ni^cq TeM, mto 
Ana ocymecTBneHHH npeAbiCKaxeHMfl 
nHqbopMaunoHHoro cumana pa36nBaK)T nonocy 
MacTOT MH$opMai4MOHHoro cumana Ha- M 
npuMbiKaioiAnx MacTOTHbix nonoc, 
ocymecTBnfltoT c}5MnbTpaL;nK) MHqbopMaunoHHoro 
cumana b Ka>KAofl MacTOTHoi^ nonoce, o6pa3y« 
M qbunbTpoBaHHbix nH4>opMai4MOHHbix cumanoB, 
KoppeicrnpyioT c£a3y n aMnnnTyAy xa>KAoro 
4)nnbTpoBaHHoro nHqtJopMai^noHHoro cumana b 
cooTBeTCTBHn c pe3ynbTaTaMH oL\eHKH 
nepeAaTOMHO^ 4>yHKi4HM cooTBeTCTBytou^ero 
KaHana pa3HeceHHfl, o6pa3y« 

CKOppeKTMpOBaHHbie 4> MJ1bT P OBaHHb,e 

HHcJ>opMaunoHHbie cumanbi, KOTopbie 3aTeM 
cyMMnpyioT. 

7. Cnocoo* no n.1, OTnwMaiomkificfl TeM, mto 
Ana ocymecTBneHHfl npeAbfCKaxeHUfl 
MH0opMai^noHHoro cumana ocymecTBnyiioT 
npflMoe npeo6pa30BaHne Oypbe HaA 
kiHct)opMaunoHHbiM cumanoM, pe3ynbTaT 
npeo6pa30BaHM« nepeMHO>Ka»OT c qbyHKi^neCi, 
KOMnneKCHo conpflaceHHOtf c nepeAaTOMHO^ 
ct)yHKUne« cooTBeTCTBytomero KaHana 
pa3HeceHHfl, n ocyLqecTsnHtoT o6paTHoe 
npeo6pa30BaHne <Pypbe. 
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BeTBb pa3MeceMHofl nepeflaHM 
CMixana 1-ro noJibaoeaTenn 15* 



Bjiok npeflwcxaxe 

HMfl HtpOpMaUMOM- 

hoto curwana 16j 



Btiok npeflHcxaxe- 

HMfl H<j)OpMaUMOM- 

Horo CHfuana 16n 
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